V1017 Sgr is a classical nova (in 1919) that displayed an earlier dwarf nova eruption (in 1901), and two more dwarf nova events (in 1973 and 1991). Previous work on this bright system in quiescence (V=13.5) has only been a few isolated magnitudes, a few spectra, and an ambiguous claim for an orbital period of 5.714 days as based on nine radial velocities. To test this period, we have collected 2896 magnitudes (plus 53 in the literature) in the UBVRIJHKL bands from 1897 to 2016, making an essentially complete photometric history of this unique cataclysmic variable. We find that the light curve in all bands is dominated by the ellipsoidal modulations of a G giant companion star, with a post-eruption (after the 1919 nova event) orbital period of 5.786290±0.000032 days. This is the longest period for any classical nova, the accretion must be powered by the nuclear evolution of the companion star, and the dwarf nova events occur only because the outer parts of the large disk are cool enough to be unstable. Furthermore, we measure the pre-eruption orbital period (from 1907 to 1916), and there is a small steady period change in quiescence. The orbital period has decreased by 273±61 parts-per-million across the 1919 eruption, with the significance of the period change being at the 5.7-sigma confidence level. This is startling and mystifying for nova-theory, because the three known period change effects cannot account for a period decrease in V1017 Sgr, much less one of such a large size.
INTRODUCTION
Cataclysmic variables (CVs) are binary systems where an ordinary companion star spills matter via Roche lobe overflow through an accretion disk onto a white dwarf. CVs display three types of eruptive events. Classical novae (CNe) are explosive events on white dwarfs in CVs when the accreted mass accumulates to the point where runaway thermonuclear reactions eject mass in an outgoing shell. Nova eruptions typically last for a year or more and have amplitudes of >7 mags. Dwarf Novae (DNe) events are temporary brightenings of the accretion disk when an instability in the accretion flow causes a sudden surge of mass flowing through the disk. Dwarf novae events are distinguished by durations of usually days-to-weeks and amplitudes of 1-4 mags. Symbiotic novae are poorly understood events caused by thermonuclear burning on the white dwarfs in systems E-mail: ivarga1@lsu.edu that are symbiotic stars (where something like a red giant is orbiting a white dwarf with both hot and cool components in the spectrum). Symbiotic novae have durations of years-to-decades and amplitudes of 1-6 mags.
V1017 Sgr is an unique CV because it shows two types of eruptive phenomena. In 1919, it had a nova eruption, with an amplitude of >7.2 mags and a total duration of nearly a year. This event had much too large an amplitude to be a DN event, its total duration is greatly too long to be a DN event, and the light curve shape (with a fading by 3 mag in 125 days) is that of a classical nova. Dwarf nova events were recorded in 1901, 1973, and 1991 , with amplitudes of 3 mags and total durations of a few months each. These eruptions were spectroscopically confirmed to be dwarf nova events (Vidal & Rodgers 1974) . V1017 Sgr is apparently a symbiotic star, having a reported orbital period of 5.714 days (Sekiguchi 1992 ) and spectrum of a G-type giant or sub-giant (Kraft 1964; Harrison et al. 1993 ). Sekiguchi (1992) claimed that V1017 Sgr has a period of 5.714 days, a period that is greatly larger than almost all CVs. This implies a very large accretion disk where the Roche lobe overflow is driven by the expansion of the companion star due to its nuclear evolution. The nuclear evolution drives a secular expansion of the companion star that results in a relatively high accretion rate that can support CN events with a reasonable frequency. The very large accretion disk allows for its outer regions to be sufficiently cool so as to support the dwarf nova instabilities. Thus, Sekiguchi's long orbital period explains why this one CV system has both CN and DN events. Only one other system, GK Per, is known to have both CN and DN events, and this also has the long orbital period of 2.0 days.
However, Sekiguchi reported the 5.714 day orbital period with just a set of 9 radial velocity measurements over a 37 day interval of observation. Any such data set is not robust due to the possibilities of various errors in even one measure. (A similar case has been the early radial velocity curve for the recurrent nova T CrB, with errors in one or two measures warping the conclusions and driving theorists to claims from which it has taken our field several decades to recover.) Any such limited data set is also subject to many aliases, and Sekiguchi points to possible periods of 0.851 and 1.212 days. For the period, he notes that confirmation is needed. Surprisingly, no follow-up radial velocities have been reported. Furthermore, since CVs almost always show photometric modulations on the orbital period, Sekiguchi's claimed period could be confirmed with a good light curve showing a photometric modulation on the orbital period. Yet, no light curves of any type have been published for V1017 Sgr, despite V1017 Sgr being one of the brightest nova in quiescence, at V=13.5 or so.
The orbital period of V1017 Sgr is critical for all physical models, yet Sekiguchi's period is problematic. In this paper, we report a large collection of magnitudes from 1897 to 2016, and we test to see whether Sekiguchi's period appears as a photometric modulation.
SPECTRAL ENERGY DISTRIBUTION
A spectral energy distribution (SED) was constructed using data from five sources, see Table 1 and Figure 1 . Column one is the band on which the data were taken, column two is the observed flux, fν , in milliJanskys, column three is the flux adjusted for extinction, fν,0, in milliJanskys, and column four is the source of the data. Fluxes were corrected for interstellar dust extinction according to the equations of Cardelli, Clayton, and Mathis (1989) . We adopted a value for E(B-V) of 0.39 mag (Webbink et al. 1987) .
The SED is plotted in Figure 1 . The variations of flux are consistent with the quiescent levels of the star fluctuating by as much as half a mag. This is not the classic profile of a CV, which is much brighter in the blue than the red, which decreases according to the power law with fν ∝ λ −1/3 . Instead, it closely resembles a blackbody with a peak fν near 1.0 µm. This peak corresponds to a surface temperature near 5200 K, implying a G-type star. This surface temperature is consistent with the spectral absorption lines for which Kraft (1964) gives a spectral class of G5 IIIp, as confirmed by Sekiguchi (1992) .
For the companion star to dominate the SED to this ex- Table 1 , we see a peak in f ν,0 around 1.0 µm, which implies that the companion star has a surface temperature of around 5200 K (a G type star). To guide the eye, the blue curve is a 5200 K blackbody, while the blue diagonal line across the bottom is for the brightest allowable classical accretion disk. We see that the entire SED for V1017 Sgr is consistent with the 5200 K blackbody. The companion star dominates over the accretion disk, so the star's surface area must be large, and it must be a giant or a sub-giant. With this, the orbital period can only be longer than roughly one day so that the companion star can fit into the Roche lobe geometry.
tent, the companion must be significantly large. A large companion forces the period to also be large, so this eliminates the possibility of a period of shorter than a day. Narrowing down the possible period length greatly increases efficiency in running Fourier Transforms with our very long time intervals, as these shorter periods do not have to be investigated. It also eliminated some of Sekiguchi's possible aliases.
OBSERVATIONS
We have a number of magnitudes from different sources from which we will test V1017 Sgr's period. We think that these data sets constitute essentially all of the extent photometry of V1017 Sgr. Details of the observations are specified in Table 2 . An itemized listing of the observations is presented in Table 3 . For the CCD observations and photoelectric photometry measures, the measurement uncertainties were ∼0.01 mag, with this being smaller than the usual flickering and variability on V1017 Sgr. V1017 Sgr has a nearby star that is much brighter; CD -29
• 15053. This star is 15.2 arc-seconds almost directly to the east. The proximity of this star is no problem for CCD photometry for systems with arc-second pixel sizes. But some systems (the Harvard patrol plates, APASS) have troubles with crowding. Landolt (2016) reports V=10.183 and B=11.817. Landolt (2016) also reports 29 UBVRI measures on 23 nights spread over 21 years and finds that the star is constant.
The first set of data (as listed in Table 2 ) was taken with the 0.4-m and 0.5-m telescopes at the Highland Road Park Observatory (HRPO) in Baton Rouge, Louisiana. Our primary comparison star is the nearby bright star CD -29
• 15053, for which the AAVSO gives a magnitude of V=10.173. This companion star was never saturated in our images, and its light never spilled into the photometry aperture for V1017 Sgr. We obtained 202 good images in the V-band over a span of 10 nights from 23 August to 15 October 2015. These measures were all obtained within a halfhour interval on each night (although on the second night the light curve covered a 1.7 hour interval), with this being much smaller than any orbital period, so we are only presenting the averaged points for each night.
Our second data set comes from the SMARTS 1.3-m telescope on Cerro Tololo. This data set includes magnitudes in BVRI. The BVRI magnitudes from our three comparison stars were calibrated by A. Landolt.
The third data set is a long series made on the Cerro Tololo 1.5-m, 1.0-m, 0.9-m, 0.6-m, and 0.4-m telescopes. These observations were all made with photoelectric photometers. The measurements are essentially simultaneous measures in the UBVRI magnitude system. The photometry aperture had a diameter of 14 -17 arc-seconds, and care was taken to slightly offset the center so as to exclude light from CD -29
• 15053. A full description of the observations is given in Landolt (2016) . This is the best data set for mapping out the UBVRI colors and for looking at the long term variations in quiescence.
The fourth data set is recorded in the American Association of Variable Star Observers (AAVSO) International Database. In particular, here, we are only considering the CCD magnitudes recorded with a V-band filter. S. Dvorak (DKS) was the observer for 139 of these V band magnitudes, while 1 of them was by A. Liu (LAQ) and 7 of them by S. O'Connor (OCN). The typical 1-sigma photometric uncertainty ranges from 0.02-0.06 mag. The DKS observations have a large number of nights over a small number of years, and so these data are the best for pulling out any long photometric period.
The fifth data set is the visual observations collected in the AAVSO International Database. This includes all the measures reported during the DN eruptions as copied in the IAU Circulars. For the visual observations, the one-sigma uncertainty is roughly 0.2 mag. We have rejected the magnitude upper-limits as not being useful. We have also rejected the outliers from several observers, mainly where they were apparently reporting a magnitude for CD -29
• 15053. For the magnitudes in quiescence, we see trends with changes on the time scale of five years or so. These can be characterized as a brightening by ∼0.5 mag in the middle 1970s and a fading by ∼0.5 mag in the mid-2000s. Based on our wide experience, we suspect that these are associated with changing comparison star sequences, with the change put in soon after the 1973 DN event and then with the many changes in comparison sequences around 2005 (the 'Henden bumps' ). Further, these changes are not seen in any other data set. So we conclude that the AAVSO magnitudes in quiescence cannot be used to look for long term trends in the quiescent brightness level of this old nova. We will use these magnitudes in quiescence for our period searches, but will conclude that these magnitudes have too large a photometric uncertainty, so that the Fourier Transform is very noisy, and thus that the AAVSO quiescent visual magnitudes cannot be used for this purpose either. The AAVSO visual magnitudes are still very useful, because they are the best measures of the DN events in 1973 and 1991.
The sixth data set includes observations from the archival plates at the Harvard College Observatory (HCO). The HCO plates record sky photographs from the 1890s to 1989 with a wide variety of depths and plate scales. The native system of these plates is essentially the Johnson B system. The comparison stars are nearby stars with their B magnitudes taken from AAVSO. With this, the resultant derived magnitudes are in the Johnson B system. The onesigma uncertainty in the magnitudes is usually from 0.10 to 0.15 magnitudes. Unfortunately, V1017 Sgr is essentially unresolved from CD -29
• 15053 on almost all plates. This means that when the star is in quiescence, the magnitude of the combined star image is not significantly different from the magnitude of CD -29
• 15053 alone, so there can be no useful information on the brightness of the old nova. Only for three sets of conditions can we pull out anything useful, but these turn out to be critical for several issues. (1) Only the A plates have V1017 Sgr well-resolved from CD -29
• 15053, because they have a very large plate scale. So only with the A plates can we get B magnitudes in quiescence. With this, we have 43 magnitudes, 16 from 1897-1916 and 27 from 1923-1950 . These data are critical for evaluating the long term variations in quiescence, including any decline after the eruption as for any sort of hibernation, as well as for looking for changes in the brightness across eruption. (2) Nova Sagittarii 1919 number 5 was discovered with the Harvard plates (Woods 1919) . All plates that show the nova during its 1919 CN eruption have the nova unresolved from CD -29
• 15053. We have 24 magnitude measures, all from 1919, showing the combined light to be significantly brighter than the light from CD -29
• 15053 alone. In all cases, we have numerically corrected the combined brightness back to the brightness of V1017 Sgr alone by subtracting the flux of the nearby star. These data are critical for proving that the 1919 event was a CN eruption, and to establish its basic light curve. (3) The 1901 DN event is recorded because the combined light gets substantially brighter than the light of CD -29
• 15053 alone, Vidal & Rodgers (1974); Landolt (1975); Walker (1977); Harrison et al. (1993) so the brightness of the nova alone can be pulled out. We have 13 magnitude measures for the two stars together, all from 1901. All plates from 1900 and 1902 show the combined light as equaling that of CD -29
• 15053 alone, so the nova is faint at its quiescent level. The combined light has been corrected by the subtraction of the constant B=11.817 for CD -29
• 15053 so as to get the B magnitude of V1017 Sgr alone. These data are critical for showing the existence of the 1901 event, and for showing that its light curve is the same as the later DN events. McLaughlin (1946) reported magnitudes from the same set of Harvard plates, but his comparison stars were far from the Johnson B system, his magnitude for CD -29
• 150503 corrections was off, and he missed all the A plates. As such, the McLaughlin measures from the Harvard plates are entirely superseded by those in this paper.
The seventh set of data comes from literature (Mumford 1971; Vidal & Rodgers 1974; Landolt 1975; and Walker 1977; Harrison et al. 1993) , with all these being based on photoelectric photometry. These are 53 sparse data points for V1017 Sgr in the bands UBVRIJHKL. These data are included for completeness, and because they help fill in the long-term time history.
All of the magnitudes from our data sets are listed in Table 3 ; but with two exceptions. The first exception to this is the visual magnitudes from the AAVSO. (These are permanently available freely at the AAVSO web site.) The second exception is the Landolt magnitudes in the U, R, and I filters, with these being tabulated in Landolt (2016) . In Table 3 , magnitudes are listed in the order of the filters (U, B, V, R, I, J, H, K, and L), and then by time within each filter.
LIGHT CURVE ANALYSIS
The light curve of the 1919 event is shown in Figure 2 , all as based on the HCO plates with correction of the magnitudes for the unresolved light of CD -29
• 15053. We see a normal nova light curve, apparently of the S-class with a smooth decline (Strope et al. 2008) . We see a linear decline at a rate of 9.3 magnitudes per year which is certainly greatly larger in amplitude and longer in duration than any DN event. Furthermore, this is not the light curve of any known symbiotic nova event. So this is the proof that V1017 Sgr had a CN eruption in 1919.
The amplitude is at least from B=6.43 at the brightest observed level to B=15.09 for the pre-eruption interval, for an amplitude of >8.66 mag. The amplitude could be greatly larger if the true peak was substantially earlier than the first plate in 1919 (on 11 March 1919) . This is quite possible, and even likely, because V1017 Sgr was just coming out of its yearly close conjunction with the Sun, so the nova could easily have been greatly brighter with a peak anytime from November to February. Indeed, for S-class novae with a linear decline over 200 days, essentially all have the start of the linear decline occurring more than 40 days after peak, and something like 2 mags below peak (Strope et al. 2010 Figure 3 ). That is, the lack of a fast decline apparent in the V1017 Sgr light curve forces the real peak to be something like 2 mags brighter than B=6.43. The next earliest useful plate is from 1 August 1918, before the star went behind the Sun, and provides no useful constraint. Still, a simple extrapolation back puts it to second magnitude in October 1918, at which time it should have been picked up by many sky watchers with Sagittarius in the evening sky. So the peak was at magnitude 6.4 to 2.0 or so, with an amplitude from roughly 8.7 to 13 mag or so.
The light curves for the three known DN events (in 1901, 1973, and 1991) are shown in Figure 3 . All three events have identical light curve shapes, although the uncertainties are substantial. The peak magnitude is near 10.4 mag, with an amplitude of near 3.3 mag, in both the visual and B bands. The total duration is near 0.5 years.
This DN light curve (roughly triangular shape, several month duration, ∼3 mag amplitude) is the same as for GK Per. GK Per is the only other CN that shows DN events. Along with V1017 Sgr and X Ser, GK Per is the only CN with a known orbital period longer than 1.0 days. This implies that both V1017 Sgr and GK Per both have the high accretion rate of CN plus DN events due to their long orbital periods.
Until recently, V1017 Sgr was the only CN that has observed DN events before the CN eruption. (Other CN have been weakly claimed to have prior DN eruptions, but the cases for all of them have gone away; see Collazzi et al. 2009 .) However, Mroz et al. (2016) have discovered that the CN V1213 Cen has many ordinary DN eruptions before the nova event. This has relevance for understanding CV evolution. The essence is that DN are systems where the white dwarf is accumulating material from its companion star, so sooner or later the system must have a nova eruption. In general, DN have a relatively low accretion rate while CN have a relatively high accretion rate. For ordinary CVs, this means that the systems with low enough accretion rate to have DN eruptions must also have very long time scales between CN The only earlier and later light curve points are from the previous and next years, so they provide no useful constraint on peak time or magnitude. We see an ordinary nova light curve, apparently in the 'smooth' S-class. The main point of this light curve is to show that the 1919 even is not any sort of DN event, but is really a classical nova, so that V1017 Sgr certainly displays both CN and DN events.
eruptions, so there will be virtually no systems discovered with DN events before the CN eruption. (We can imagine that conditions after the eruption might have a higher accretion rate due to irradiation effects, so the presence of a DN event after the CN eruption won't tell us about the longterm accretion state of the CV.) But V1017 Sgr is different from almost all CVs because it has a giant or sub-giant companion. This forces the system to have a very large Roche lobe, so the accretion disk must also be very large, and so the outer portions of the accretion disk are cool enough to have a DN accretion instability despite a relatively high ac-cretion rate. With a giant companion, a CV system can have both DN and CN events. Our light curve has extensive measures of the quiescent brightness levels from 1897 to 2016, and these are good for answering a variety of questions of current interest. The B and V light curves (from Table 3 ) are shown in Figure 4 , with the points from 1901, 1919, 1973 , and 1993 excluded as being not in quiescence. Furthermore, we display a broken line that represents the trend of the light curve.
Did V1017 Sgr change its quiescent brightness level across the 1919 CN eruption? Schaefer & Collazzi (2010) identified eight nova systems for which the post-eruption magnitude level (mpost long after the eruption was over) was 2.5 mags brighter than the pre-eruption magnitude (mpre). These are called the 'V1500 Cyg novae', and are somehow related to the nova event driving a long-running high accretion rate from the companion star by some mechanism involving the irradiation of the companion by the nova event. Collazzi et al. (2009) have examined mpre and mpost for 30 nova systems, finding that one-in-six are V1500 Cyg stars. For V1017 Sgr, the HCO A plates gives mpre=15.09 for 16 plates from 1897 to 1916, and mpost=14.60 for 28 plates from 1923 to 1950. This gives mpre − mpost= +0.49 mag, which is within the normal range of variation for stars with little irradiation effect. With a long orbital period, we expect that irradiation effects will be minimal.
Did V1017 Sgr display any rise or dip in the light curve immediately before the eruption? Collazzi et al. (2009) have found three nova systems that display rises and dips on time scales from a month to a decade, while Schaefer et al. (2013) found a significant rise starting ten days in advance of the 2011 T Pyx eruption. For the most similar case, T CrB (another CN from a system with a giant companion) has a one magnitude rise starting a decade before its 1946 CN event. For V1017 Sgr, we have no resolved images from 1916 to 1918, so short duration rises or dips cannot be recognized. However, the quiescent light curve shows a clear, significant, and steady rise from around B=15.3 in 1907.5 to B=14.7 in 1916.5. The case for a causal connection between the rise and the 1919 CN event is not strong, because we see longterm fluctuations at the 0.5 mag level (like the drop from 1977 to 1990) at other times.
Did V1017 Sgr show a systematic decline, as predicted by the 'Hibernation' model ), caused by the binary system slightly pulling apart due to the massloss from the CN eruption? We now have four-out-of-five CN for which the orbital period has been measured to decrease across the CN eruption, so this shows that most novae are not pulling apart due to an eruption. Other ideas involving irradiation still lead to the decline in brightness of a system long after the CN eruption is over (e.g., Patterson et al. 2013) . For V1017 Sgr, from 0 1972.8 1972.9 1973.0 1973.1 1973.2 1973.3 1973.4 1973.5 1973.6 1973.7 1973.8 Visual Magnitude ( 1901, 1919, 1973, and 1991 . All these magnitudes are in the modern Johnson B system (the blue points) and in the Johnson V system (the green points). The points to take from this plot are (1) there is a pre-eruption rise by ∼0.5 mag over a dozen years, (2) there are long term fluctuations at the one-third of a magnitude level during quiescence, and (3) there is no systematic decline in the quiescent brightness level after the 1919 CN eruption.
nary CVs, the optical brightness is dominated by the light from the accretion disk, so it is easy to make the quiescent level change simply by varying the accretion rate. We have no good understanding why accretion rates can change on any time scale, and such variations are common on all time scales, so it is easy to make this required connection. But this easy answer cannot apply to V1017 Sgr because the optical light is greatly dominated by the companion star, so it would take very large variations in the accretion rate to explain the modest changes as observed. Furthermore, our I band magnitudes show the same drop from 1977 to 1990 with the same amplitude as in the B band, so the long term light variations in quiescence are certainly not coming from the accretion disk. The only possibility is that the brightness of the companion star is changing by 30% to 50%. This is startling, since red giants confined in Roche lobes should not have secular changes in brightness on time scales of a dozen years. The best idea that we can think of is that the accretion rate changes, so the irradiation of the companion by the accretion disk change, so the surface temperature of the companion changes, thus making the brightness level of the companion vary up and down.
POST-ERUPTION ORBITAL PERIOD
We used our light curve to search for a photometric periodicity. In part, this is to test the period of 5.714 days suggested by Sekiguchi. Sekiguchi reported this orbital period with just a set of 9 radial velocity measurements over a 37 day interval of observation, and this data set is subject to many aliases. With our much larger data set over a very long time span, we should be able to determine the photometric period with reliability, with high accuracy, and without ambiguities. For our analysis, we ran a Discrete Fourier Transform (DFT) on the data. The Fourier Transform is optimal for the near-sinewave folded light curves that we find, and our sparse data requires that we use the 'discrete' version of the Fourier Transform. Furthermore, once the best period was identified for each data set, we then performed a chi-square fit to a sine wave. This fit gives us the best fit epoch, the best fit amplitude, and it gives us exact measures of the error bars by a well-known and robust method.
The best data set for period searches is that of Dvorak in the V-band, because there are a large number of nights over just a few years. The DFT shows a highly significant period at 2.89317 days. (There are also daily alias peaks at 0.7416 day and 1.5218 day. These aliases are rejected from the many other data sets.) Further, there is no significant power at twice the period. This period will be confirmed with several other data sets. So we have our answer: the photometric period of V1017 Sgr is P phot =2.89317 days.
However, there is a possibility that the period that we are seeing photometrically is actually half of the orbital period because of ellipsoidal variations caused by the large companion star in our system. Since the companion star is dominating the optical light in quiescence it is reasonable to expect that ellipsoidal variations will dominate in the light curve. If so, then P orbit =2×P phot .
With this period-doubling, we have an orbital period of 5.78634 days. This is right in the range suggested by Sekiguchi. Sekiguchi's radial velocity data are completely inconsistent with any period from 1.5 to 3.5 days. Thus, the true orbital period is close to the original Sekiguchi period of 5.714 days, meaning that Sekiguchi was right.
The Dvorak data folded on the DFT photometric period shows an ordinary sine wave shape. We have fitted a simple sine wave. The epoch is taken to be the epoch of minimum brightness, so that this can be compared to Sekiguchi's epoch (which corresponds to the time of the superior conjunction of the companion star). The epoch is also selected for a time close to the average time of the data set, so that the period and epoch error bars have minimal correlation. With this, we give the full best fit parameters in Table 4 .
The RMS variation of the magnitudes (σ) around this best fit is greatly larger than the photometric uncertainty. This observed scatter is from the usual flickering suffered by all CVs. So the 1-sigma uncertainty for use in a chi-square fit is the addition in quadrature of the small measurement error (σmeas) plus the star's intrinsic variation from flickering (σ f licker ), with σ 2 = σ 2 meas + σ 2 f licker . This means that the photometric uncertainty for CCD and photoelectric measures is always negligibly small to the usual flickering noise in the star. We can only get an empirical measure of the intrinsic variance of the star, and this is simply chosen so that the reduced chi-square is near unity. This procedure means that the reduced chi-square cannot be used as a criterion for the quality of the fit, but changes in the chi-square are valid measures for estimating error bars and relative confidence levels.
For the Dvorak data, the fit has a minimum chi-square of 130.13 with 135 degrees of freedom. The one-sigma uncertainties are with the parameters within 1.0 of this minimum. If we set the sine wave amplitude to zero, then the chi-square is 178.6. That is, the chi-square difference is 48.5, which is to say that the existence of the periodicity is 7.0-sigma. Some of our other various data sets have the problem that they cover a many-year time span, over which secular variations move the average level up and down by amounts comparable to the amplitude. This makes for large noise in the DFT due to folding trying to line up the magnitudes taken in the faint state, all masking the real period. To solve this, we have subtracted out the long term trend, as shown in Figure 4 . The detrended light curve hovers around zero, all with a near-zero mean. This step is the only way to spot the photometric periodicity in the very long data sets that we have.
With this, we can spot several outlier magnitudes, with these being isolated and >3-sigma away from any folded light curve. These are on 2442904 (from Walker), 2443608 (from the CTIO 0.4-m), and 2444826 (from the CTIO 4-m). These are just the usual outliers, and it is not clear whether these are some observational error (e.g., thin clouds) or whether V1017 Sgr was simply variable above the periodic photometric oscillation (e.g., with an unusually large flicker). We have rejected these outliers, as otherwise the DFT would have substantial noise as they beat against each other.
With the detrending and the outlier rejection, the same photometric periodicity is significant in the data sets from Landolt for each filter individually, from HCO, and from SMARTS. This gives us high confidence that we have found the real photometric period.
Next we performed fits for all the post-eruption B, V, and R data individually. These fits are reported in Table 4 . We see that the fitted amplitude does not change significantly with band. This is consistent with normal ellipsoidal variations, where the amplitude just comes from the shape of the star in all colors. Furthermore, we see that the reduced chi-square is near unity for all of the colors having the same σ, and this implies that the flickering amplitude is roughly a constant with color. Normal flickering light in CVs is very blue in color, so the intrinsic variations of the star are apparently from some other mechanism.
The fits for the three colors are fairly consistent in period, with an average near 2.89316 days. The amplitudes are consistent with having no color dependence, with an average value of near 0.20 mag. There is no significant evidence that the RMS scatter around the best fit light curves (0.14 mag) has any color dependence. With no color dependence in the detrended light curves, the best and final values will come from taking all detrended magnitudes after the 1919 CN eruption.
For all 360 B, V, and R magnitudes from 1923-2015, the DFT returns a single dominant period of 2.893144 days. Our chi-square fit (see Table 4 ) returns the same period. The period is accurate to 5 parts-per-million.
We can fold all the magnitudes to see the shape of the light curve. To see the folded light curve in quiescence, we have not included any magnitude from 1901, 1919, 1973, or 1991 . With the star's quiescent level varying around on decadal time scales, the scatter in a straight fold would be large, so we have used the detrended light curves instead. We do not have enough data from any one band to make a clean light curve, so we have combined the detrended magnitudes from B, V, and R bands. Like for many CVs, the star's intrinsic flickering makes for scatter that is comparable to the ellipsoidal effects, with this serving to hide the underlying variations. The solution is to phase average the magnitudes, and we will do this in bins of size 0.05 in phase. With this, the folded and phase-binned light curves for V1017 Sgr in B and V are presented in Figure 5 for a period of 2.893145 days. Given Sekiguchi's radial velocity curve and the likelihood that the light curve will be dominated by the companion's ellipsoidal variations, the orbital period is twice the photometric period, or P =5.786290±0.000032.
CVs have mass transfer and other effects that make for a slow and steady period change (Ṗ measured in units of days per day) while in quiescence between nova eruptions. We have found that such a steady period change can be quite large for the recurrent nova T CrB, which also has a red giant companion star and CN eruptions. So we have run further fits with all the 360 de-trended post-eruption magnitudes in B, V, and R (see Table 4 ). We do find a marginally significant steady period change. While the existence of theṖ is not required, it is expected and it is the best representation of the data. With this, the times of the photometric minima are JD 2449375.319+E ×2.893167+( 
PRE-ERUPTION ORBITAL PERIOD
Our group has been vigorously pursuing the measurement of pre-eruption orbital periods (Ppre) of novae, so that, when combined with accurate post-eruption orbital peri- ods (Ppost), we measure the change of the period across the eruption (∆P =Ppost − Ppre). This measure provides an accurate model-free measure of the mass ejected by the nova event (an otherwise very-poorly known quantity), with implications for nova physics and for models of CV evolution (this alone refutes the Hibernation model). Now, for V1017 Sgr, we have just derived a parts-per-million post-eruption orbital period, and we have HCO data that shows the orbital variations from 1907 to 1916. (The magnitude from 1897 cannot be used because we do not know the trend for detrending.) So we have tried to pull out the pre-eruption orbital period. Given the substantial photometric modulation on half the orbital period visible from 1923-2015, we can strongly expect that V1017 Sgr should show substantial photometric modulation on half the orbital period from [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] [1915] [1916] . For the 15 B-band magnitudes from 1907-1916, the DFT shows many nearly equal peaks, as appropriate for the small number of points. These many peaks are simply caused by the high points and low points randomly beating each other to produce spurious aliases over a very wide range of periods. These aliases are certainly not physical, and we can recognize this by them requiring an impossibly large period change across the 1919 CN eruption. Based on theory (see Schaefer 2011) plus our many well-measured ∆P values (now for 5 CN eruptions and for 4 recurrent nova eruptions), we know that ∆P/P must be smaller than a 0.1% change. For V1017 Sgr, this means that any apparent periodicity outside the range 2.890-2.896 days must be a spurious alias. We are strongly expecting a significant DFT peak inside the period range 2.890-2.896 days that is the real half-period of V1017 Sgr.
The DFT of the 15 HCO pre-eruption de-trended B magnitudes has a high peak at a period of 2.893877 days. We see what looks like a good sine wave, pointing to this being a good photometric period. From the chi-square analysis, the existence of this photometric periodicity is at the 5.6-sigma confidence level.
The chi-square fit to a sine wave for this Fourier peak is given in Table 4 . We see that the amplitude is larger than the posteruption amplitude, and the RMS scatter around this best fit is somewhat smaller. We show the folded light curve in Figure 6 , and it looks good. We can test the significance of the sine wave periodicity by comparing the chi-square values for the best fit case (12.14) versus the zero-amplitude case (43.96). The difference in chi-square is 31.82, and this corresponds to a 5.6-sigma confidence level in the significance of the periodic modulation. So even with only 15 magnitudes with tenth-magnitude variations, we have a highly significant photometric modulation at the half-orbital period. The change in the photometric period is -0.000704±0.000170 days, while the change in the orbital period is -0.001408±0.000340 days. That is, the orbital period got shorter across the 1919 CN eruption by ∆P/P =-243±57 parts-per-million. This large of a change in the orbital period is startling for theory, so we have to carefully test whether the orbital period change across the eruption is significant, and we have to run other tests as we can.
One test is to see whether the pre-eruption ephemeris extrapolates to a yield an epoch around the 1919 eruption that is consistent with that derived from the post-eruption ephemeris. That is, the period cannot have any jumps across the eruption, which is to say that the O − C curve must be continuous. From the post-eruption fit, we derived a minimum time of JD 2422018.064±0.150. From the pre-eruption fit, we derive an epoch of JD 2422018.263±0.168. The time difference is 0.199±0.225. That is, the the pre-eruption ephemeris does well match the post-eruption ephemeris to within 1-sigma. If the pre-eruption period is spurious, then we would expect a random 84% chance that there would be a mismatch. Thus, this test provides a small amount of confidence in the period.
A second test is to examine the fit and folded light Phase from Post-eruption Ephemeris V1017 Sgr Pre-eruption Figure 7 . V1017 Sgr pre-eruption data folded on the posteruption period. This light curve is the same as for Figure 6 , except that the post-eruption period is used for the fold. Now, we see that the nice sine wave goes away. This demonstrates that the pre-eruption period is distinctly different from the post-eruption orbital period.
curve for the 15 pre-eruption magnitudes as based on the post-eruption ephemeris. The folded light curve is shown in Figure 7 . The post-eruption ephemeris is obviously horrible. The poor folded light curve is not just a matter of shifting the epoch, as there is a large RMS scatter at all phases, and this is the symptom of a bad period. This demonstrates that there must be some significant period change across the 1919 CN eruption. A third test is to see whether the 1897 measure fits into this best fit. The magnitude in 1897 was not de-trended because it is isolated in time at a decade before any other magnitude, so we have no confident and independent way to know how the trend goes in 1897. Still, looking at the B magnitudes on the far left of Figure 4 , any plausible trend line would fall below, likely substantially below the 1897 measure. This would give a weak test that the the phase of the 1897 point should be in the bright half of the curve (i.e., phase between 0.25 and 0.75), and should likely be near the phase 0.5 around the peak brightness. The phase of the 1897 point is 0.62, which agrees with the expectation that the period is real. At worst, this test is only a 50% test, yet with the period having passed this weak test, we still do get some small amount of extra confidence.
The linear fit for the pre-eruption data was presented as a simple case to define the problem. We should perform fits that make use of two more physical facts that we have established from the post-eruption data. First, we know from the post-eruption fit that the pre-eruption ephemeris must pass through JD 2422018.064±0.150. Second, we should be using theṖ in the pre-eruption fit, and thisṖ value should be the same as that for the posteruption fits. This new fit would set the epoch to JD 2422018.064,Ṗ to 1.19×10 −8 days/day, and keep the amplitude at 0.412 mag. This fit is summarized in Table 4 . The folded light curve is virtually identical to that in Figure 6 except with a 0.04 phase shift to the right. The pre-eruption period has changed substantially from the post-eruption period. With theṖ , we have to be careful to compare the periods immediately before and after the eruption. With this, Ppre=2.893685±0.000060, Ppost=2.893054±0.000015, and ∆P =0.000631±0.000062 days. This corresponds to a 10.2-sigma confidence level for the period having suffered a change across the CN eruption.
So far, our fits have treated the time intervals before and after 1919 (mostly) independently. But the physical constraints of the situation forces the lack of any jumps in the epochs of zero-phase, and this means that the pre-and posteruption intervals should be connected with a joint fit. In an O − C curve and in the ephemeris of superior conjunction, this can be represented as a broken parabola. That is, there will be one epoch around the start of March 1919, the ephemeris after 1919 will be some parabola, and the ephemeris before 1919 will be a different parabola. TheṖ before the eruption is poorly constrained by the data, so we will simply presume the obvious default case that the steady period change remains constant over all times in quiescence. With this, we then have four fit parameters for the period; the epoch of a superior conjunction around the start of March 1919, the post-eruption orbital period, the preeruption orbital period, andṖ .
Our final fit will be one over-all fit, from 1907 to 2015, with de-trended magnitudes for B, V, and R. As one joint fit, we ensure that the connection in 1919 is made exactly. We have 375 magnitudes. The final over-all joint fits are presented in the last two lines of Table 4 . These best fit parameters are for the photometric periodicity, with the epoch being the time of the star at minimum brightness. The 1-sigma error bars are calculated as the maximal deviation from the reported best parameter, for any combination of the other parameters, for which the resultant chi-square is 1.00 larger than the minimum chi-square.
The orbital periodicity is twice the photometric periodicity, while theṖ is four times larger. To be explicit, here are the pair of ephemeris equations ,
where E is an integer. The uncertainties on these coefficients can be taken from Table 4 , although the uncertainty for the periods are doubled andṖ are quadrupled. The epoch in these equations corresponds to the time of the deepest of the two minimum in the folded light curve (cf. Figure 8) . The orbital phase for any time will be the fraction of the interval between two adjacent epochs of zero phase. These orbital phases are listed for all observations in Table 3 . These orbital phases have also been used to create a folded light curve, as shown in Figure 8 . We see photometric maxima near phase 0.25 and 0.75. Photometric minima are near phase 0.00 and 0.50, with the zero-phase minimum being significantly deeper. This folded light curve is characteristic of ellipsoidal modulation with some sort of an eclipse at near zero phase.
The critical point is that is that the photometric modulation has Ppre=2.893808±0.000136 days (for just before the 1919 eruption), Ppost=2.893019±0.000039 days (for just after the 1919 eruption), and so ∆P = -0.000789±0.000142. With the 1-sigma range in parameter space being moderately correlated, the real 1-sigma error bar for ∆P is moderately larger, so ∆P = -0.000789±0.000176. The smallest chisquare for parameters that can return a zero period change is 32.89 larger than the minimum, which points to the period change as being 5.7-sigma. In all cases, the existence of the period change is highly significant. The period has changed across the 1919 CN eruption with ∆P/P equal to -273±61 parts-per-million. The orbital period decreased across the 1919 CN eruption.
This result is startling for nova theorists. The reason is that the change in period should be comparable to P × (Mejecta/MW D ) Shara 1986, Schaefer 2011) , and this should be greatly smaller than the observed ∆P . Furthermore, for V1017 Sgr, the ejection of mass can only make for a period increase. So we have a problem, at least to the extent that modern nova theory is missing some large evolutionary effect, having no glimmer of understanding for large period decreases.
This huge period decrease is not startling to our group here at Louisiana State University, because we have now measured ∆P/P across 5 other classical nova eruptions, and three of those five also had huge period decreases. In particular, RR Pic, HR Del, and QZ Aur had ∆P/P values between -288 and -451 parts-per-million shortenings of the period across their CN eruption, and these changes are all measured with high confidence and high accuracy. (DQ Her also suffered a highly significant period decrease, but only at the 4.8 parts-per-million level.) The CN BT Mon has an observed period increase across its 1939 eruption (Schaefer and Patterson 1983) , and this was part of the original motivation for the 'Hibernation' model and this also shows that not all novae have their period decreasing. So, our new result for V1017 Sgr is merely the fifth case (out of six measured) with a period decrease, and is the fourth case (out of six measured) with a period decrease by more than 200 parts-per-million.
We only have 15 useable pre-eruption magnitudes, each with a photometric accuracy of around 0.09 mag, so some willful researchers might think to deny or ignore our result. Such would be the easiest way to solve the theory problem. Still, despite the low numbers of pre-eruption plates, our period change is of high confidence, and has passed a variety of additional tests: (1) Our chi-square fits show that the standard significance of the existence of a sinusoidal modulation is at the 5.6-sigma confidence level in the pre-eruption data.
(2) The folded light curve for the pre-eruption data looks good in Figure 6 . (3) The freely-fit pre-eruption ephemeris crosses the post-eruption ephemeris close to the time of the 1919 CN event. (4) The pre-eruption light curve folded with any small period change looks horrible, as shown in Figure 7 . (5) The 1897 magnitude measure easily fits in to the bright part of the folded light curve. (6) The lowest chi-square for any case with a near-zero period change is 32.89 larger than the minimum chi-square, so the period change by this measure is significant at the 5.7-sigma level. (7) A huge period decrease is actually the case for three-out-of-five CN events, so V1017 Sgr making it four-out-of-six is reasonable. In all, we have a very strong case that V1017 Sgr had a -273±61 parts-per-million period decrease in 1919.
For the work reported in this paper, we originally started out just trying to test Sekiguchi's reported period, and to get a good photometric light curve. Indeed, we have confirmed Sekiguchi's period, although we can offer greatly higher accuracy and reliability. With our collected data, we found that we can measure the post-eruption orbital period to parts-per-million accuracy. With this, we then realized that we actually have enough pre-eruption data that we can measure the photometric modulation and determine the orbital period to useful accuracy. Startlingly (for theorists), we find that the orbital period has decreased across the 1919 CN eruption by -273±63 parts-per-million. This is a result where the change in period is significant at the 5.7-sigma confidence level and has passed various tests, so we consider it strongly proven. This is just our fourth example of a huge period decrease across CN eruptions, so it is only surprising for nova theorists.
STELLAR MASSES AND RADIAL VELOCITIES
For various analysis questions, we need to know the mass of the white dwarf (MW D ) and the mass of the companion star (Mcomp), and these are tied in to the radial velocity curve of Sekiguchi (1992) . We have a variety of constraints and results:
With our new ephemeris, we have phased up Sekiguchi's nine radial velocity measures and fit them to a sine wave. We find a systemic velocity of 15 km/s and an amplitude of 90 km/s. The epoch when the GIII companion star (for which the lines are measured) is at superior conjunction (i.e., the accretion disk is directly in front of the companion) is when the star's velocity is zero (relative to the systemic velocity) and running negative (i.e., the companion starts to come towards the Earth). From our fit, the phase of superior conjunction is 0.03. The error bars on these fit values are unclear because the fitted sine wave has a very large reduced chi-square, so the real uncertainties must be greatly larger then tabulated by Sekiguchi.
With our period, we calculate that the system has a mass function of 0.44 M . This is a lower limit on MW D . The mass function depends on MW D , the mass ratio q (Mcomp/MW D ), and the orbital inclination (i). MW D must be larger than 0.6 M for a field white dwarf, and should be less than something like 1.2 M because no recurrent nova events are seen in 119 years despite a high apparent accretion rate. Our mass function is a large fraction of any MW D value, so that means that the inclination must be fairly edge-on and the mass ratio cannot be too large. Extreme limits on the various parameters are MW D >0.45 M , i >46
• , and q <0.66. A low Mcomp is incompatible with the companion being the size of a yellow giant star, so we expect that there must at least be some sort of a normal core, so Mcomp >0.6 M or so. There will then be a limit on the mass ratio, where q >0.5 or so. With this, we are forced into the white dwarf being near the maximal mass and the inclination being near edge on (i.e., eclipsing). With our lower limit on the companion mass, we have that the the white dwarf must be >1.07 M and that the inclination must be >70
• . For the extreme case with MW D =1.2 M and i=90
• , we have Mcomp=0.79 M , and q=0.66. For a middle-of-the-range case with MW D =1.1 M and i=80
• , we have Mcomp=0.60 M , and q=0.55.
We can now derive the system geometry, and we'll adopt the middle-of-the-range case. We find that the separation between the centers of the companion star and the white dwarf is 16.1 R , and that the radius of the companion star's Roche lobe is 5.3 R . This means that the companion star will eclipse the central white dwarf for inclination >72
• , while it will eclipse parts of the accretion disk to much lower inclinations. This means that in all cases we should see some sort of an eclipse. And this is consistent with the light curve seen in Figure 8 .
We have found that the phase of the superior conjunction of the companion star is close to the phase of the deepest of the two minima in the folded light curve (see Figure 8 ). This means that the system is dimmed more by the disk covering up the companion star than by the companion star covering up the same area of the disk. For detached eclipsing binaries, the rule is that the deeper minima should be associated with the hotter star being eclipsed. For V1017 Sgr, the companion star has a surface temperature of 5200 K, while the outer parts of the disk must have a typical temperature of ∼10,000 K (so that DN events can occur) and the inner parts are even hotter. So we do not understand the depths of the minima in the folded light curve.
The companion star (5200 K and 5.3R ) is certainly an evolved star above the main sequence. We are not clear whether it should be more correctly called a sub-giant star or a giant star. In all cases with no binary interaction, the progenitor would have to come from a star with a main sequence mass of roughly 2 M to get to that position on the HR diagram. Further, the progenitor must have spent most of its main sequence lifetime with a mass >1 M so as to start evolving off the main sequence in the age of the Milky Way. But there must have been binary evolution when the now-white-dwarf star became a giant with a size larger than the current binary system. This interaction could have substantially tightened the orbit, reducing the orbital period down to 5.78 days. This interaction inevitably must have involved some substantial mass transfer onto the nowcompanion star. During the CV phase, mass will transfer from the companion to the white dwarf, with a lot of this material then being blown off as ejecta from the CN eruptions. As above, the companion star appears to be somewhere between 0.6 M and 0.79 M . So apparently, the companion has net lost something like 0.2 M or more during its complex binary evolution.
DISTANCE TO V1017 SGR
We can now estimate and limit the distance, D, to V1017 Sgr:
With our SED and P , we can derive a blackbody distance to the giant companion. Previously, we have done this with two independent methods for five recurrent novae (Schaefer 2010) . Both methods key off the size of the companion star, as derived from the orbital period. The radius of the companion must equal to the radius of its Roche lobe, and this comes from Kepler's Law and the usual Roche lobe geometry. For this, there is a weak dependence on the star masses. We adopt 1.1 M for the white dwarf and 0.6 M for the companion star. Then, with a 5.786 day period, the companion star has a radius of 5.3 R .
Our first method for the blackbody distance works through the absolute bolometric magnitude. With the usual Boltzmann equation, as scaled from our Sun, the absolute bolometric magnitude of the 5200 K companion with radius 5.3 R is +1.6 mag. For E(B − V )=0.39 mag, the V-band extinction is 1.2 mag. With the observed V magnitude equal to 13.5 mag, the extinction-corrected V magnitude is 12.3. For a G5 III star, the bolometric correction is -0.3 mag, so the companion star has a bolometric magnitude of 12.0 mag. The distance modulus is then 12.0-1.6 = 10.4 mag, which corresponds to 1210 parsecs. This distance is likely to be slightly on the low side, because the accretion disk must account for some 10% or so of the V-band flux (so as to account for the flickering). The uncertainty is dominated by the variation in the V magnitude and the error in determining the companion's surface temperature from the SED taken at different times, for which we estimate an error bar of ±200 pc. So, our first method gives a D=1210±200 pc.
Our second distance estimate uses a different route to get the blackbody distance of the companion star, this time through the flux at the peak of the SED. The SED (see Figure 1) peaks at around 1.0 µm (3×10 14 Hz) with extinction corrected fν,0 of near 70 mJy. The flux at the surface of the star at the peak is determined only by the blackbody temperature from the peak position, and this will suffer geometric dilution as the distance gets further from the star's surface. This flux will diminish to that observed at a distance of 1270 pc. By varying the inputs over their plausible ranges, the error bar on the distance is roughly 300 pc. So our second distance estimate returns 1270±300 pc. Our first two distance estimates are really just one, with these two different paths and different inputs all being equivalent, yet it still provides some cross-checking to demonstrate reliability and uncertainties.
Our third distance estimate is simply from the galactic position of V1017 Sgr, with galactic latitude of -9.1
• and galactic longitude of 4.5
• . With coordinates like this, V1017 Sgr looks to be in the inner bulge of our Milky Way, with a distance of around 6000-10000 parsecs. We all understand that V1017 Sgr could well be outside this range, but D ∼8000 pc is certainly the first guess.
Our fourth distance estimate is from the observed systemic radial velocity of +15 km/s (Sekiguchi 1992) . Unfortunately, by being close to the galactic center, this radial velocity is much as expected for stars at all distances along the line of sight. So this fourth distance estimate method returns no useful information.
Our fifth distance estimate is from the observed extinction with E(B − V )=0.39 mag (Webbink et al. 1987 ). The total extinction through the whole Milky Way galaxy along that line of sight has E(B − V )=0.23 mag (Schlafly & Finkbeiner 2011) . This means that V1017 Sgr is out past most of the galaxy's dust. For a galactic latitude of -9.1
• , and for most of the dust being within 200 pc of the galactic plane, this sets a lower limit of D >1200 pc. This limit has substantial uncertainties, hard to quantify, due to the clumpiness of clouds along the line of sight.
Our sixth distance comes from the peak magnitude for the 1919 eruption. The distance modulus to the nova can be taken as B peak,0 -M B,peak , where B peak,0 is the extinction corrected magnitude at peak brightness and M B,peak is the absolute magnitude at peak brightness in the Bband. We have an approximate extinction to V1017 Sgr as AB = 4.1 × E(B − V )=1.6 mag. Let us start with an extreme upper limit on the distance, with M B,peak > −10 mag (Downes & Duerbeck 2000; and Kalsiwili et al. 2011 ) and the faintest possible peak at B=6.4 mag. With this, the distance is <9000 pc. But V1017 Sgr is certainly far from this limit, partly because only rare nova peak at such a high luminosity and partly because the linear part of the observed light curve shows that the time of peak observed brightness (with B = 6.4 mag) is far from the peak. So this distance limit is really D 9000 pc. For an extreme lower limit on D, we can push M B,peak to -6 mag and we can extend the eruption light curve (see Figure 2 ) early enough in time so that it would be missed due to the Sun only to peak around 2 mag or so. With this, D 200 pc. These extreme limits are not useful. But we can get a reasonable best estimate. Most nova peak around absolute magnitude -8±1, while the best matching from S-class light curves (see Strope at al 2010) to Figure 2 suggests that the real peak was 4.5±1.0 mag. This gives an extinction-corrected distance modulus of 10.9±1.4 mag, or a distance of 1500 pc with a range of 800-2900 pc.
In all, only the blackbody distances offer any accuracy or reliability, with the other estimates all being consistent. Hence, we are concluding that the distance to V1017 Sgr is 1240±200 pc.
EVOLUTION OF V1017 SGR
The critical surprise is that we have strong evidence that the orbital period decreased by -273±61 parts-per-million across the 1919 CN eruption. This has many problems and implications.
The key problem is to explain how V1017 Sgr can possibly have such a large period decrease. Three effects are known that can change the period across a nova eruption (Schaefer 2011, see Appendix B) : (1) The first effect is simply the loss of mass by the white dwarf due to the mass in the ejected shell. This effect can only increase the period. So this cannot explain the observed period decrease. Further, this effect is much smaller in size than observed. For example, for a large shell with an ejected mass of 10 −6 M , the fractional period change (∆P/P ) will be close to 2 partsper-million. (2) The second effect will be from the loss of angular momentum by the companion star as it moved in the 'common envelope' of the ejected shell by means of dynamical friction (Livio 1991 ). This will necessarily decrease the orbital period, which is at least in the right direction. However, this will necessarily be a small fraction of the first effect in size. So the sum of the first two effect must always be to increase the orbital period (Schaefer 2011, Eqn. 19) . (3) The third known effect is material in the ejected shell being forced to corotate with the white dwarf due to being entrained in its magnetic field for the initial part of its ejection, with this carrying away rotational angular momentum that then gets transferred to cause a loss of the orbital angular momentum (Martin et al. 2011) . This effect has a strong dependence on the mass ratio, where the total period change can be negative only for q <0.4 or so, while the required effect (for our observed ∆P/P and for even 10 −6 M ejected) requires a mass ratio of q=0.002 even for high magnetic fields. For V1017 Sgr, we always have q >0.5, so this third effect can never make for such a large period decrease. In summary for all three known period change mechanisms for V1017 Sgr, the sum of all three known effects will result in a small increase of the period across the eruption. This is a substantial problem for nova theorists. But we have found the exact same problem for DQ Her, RR Pic, HR Del, and QZ Aur, and these cases are all with very high confidence levels that the periods decreased across their CN eruptions. So V1017 Sgr is simply the fifth case of a confidently measured period decrease. We have still not even heard of any vague idea expressed to explain the large period decreases. This is now a strong challenge to the completeness of nova theories.
The large period decrease provides a larger challenge for the theory of CVs in that this unknown mechanism is shortening the orbital period at a faster rate than the two known mechanisms (gravitational radiation and magnetic breaking), so this unknown mechanism is dominating the evolution of four-out-of-six CN systems. That is, for these four systems, the period changes by ∼ 1 3000 for each eruption, so it will only take ∼3000 eruptions before a simple extrapolation has the period going to zero. While such an extrapolation will not be exact, it does set the time scale for the lifetime of the CV. For V1017 Sgr, given the crudely known MW D and eruption amplitude, we can estimate that the inter-eruption time interval is of order 10 4 years (Yaron et al. 2005) . So V1017 Sgr apparently has a lifetime of order 7.5 years as driven by this unknown mechanism. This time scale is greatly faster than the evolutionary time scale for the red giant companion star. This fast lifetime has nothing to do with the evolved nature of the companion star, because RR Pic, HR Del, and QZ Aur are ordinary CNe with low mass companions near the main sequence. For now, the unknown mechanism is dominating the evolution of at least the majority of CN systems, its applicability to other systems is unknown, and the implications for evolution have not been thought out.
The period decrease of V1017 Sgr provides a counterexample to the basic mechanism of the Hibernation model . That is, the Hibernation model requires that the companion star separates slightly from the white dwarf, with this increased orbital period driving the entire Hibernation phenomenon. Furthermore, Hibernation has the post-eruption nova slowly fading over the decades, as the irradiation effects diminish, with the system dimming into a hibernating state. But V1017 Sgr fails both required predictions of Hibernation, as its period decreases and its brightness is not fading. So V1017 Sgr provides a proof that Hibernation does not work, at least for this one nova system.
With a relatively large period decrease across the 1919 CN eruption, the size of the Roche lobe will decrease. Suddenly the point for spilling matter from the companion star is pushed deeper into the stellar atmosphere. With this, the accretion rate should increase suddenly across the eruption. We can calculate the decrease in the Roche lobe associated with the period change. This will be a weak function of the changing masses of the white dwarf and the companion star, as well as of the mass of the ejected shell. For 10 −6 M ejected, MW D =1.1 M , and Mcomp=0.60 M , the size of the companion star's Roche lobe shrinks by 610 km. This should be compared against the atmospheric scale height of the giant star's atmosphere. For normal composition, 5.3 R radius, and a surface temperature of 5200 K, the atmospheric scale height is 5200 km. By moving the edge of the Roche lobe 610 km deeper in such an atmosphere, the density of the atmosphere at the Roche surface will increase by 17%. So the strong prediction is that for the observed period change, there should be an increase in the accretion rate, and hence in the accretion disk brightness by 13% from before 1919 to after the end of the eruption. This corresponds to close to 0.13 mag change. This is within the variations displayed in Figure 4 . With the companion star dominating the optical light, even in the B band, the expected systematic change in magnitude due to the period change will be greatly smaller than 0.13 mag. Thus, we conclude that the expected change in brightness across the 1919 CN event from this mechanism should be too small to measure.
CONCLUSIONS
V1017 Sgr is a nearly unique CV that displays both CN and DN eruptions. The only previous work has been scattered photometric measures, some spectra showing absorption lines for a G5 III star, and nine points in a radial velocity curve. Sekiguchi's reported period of 5.714 days was acknowledged to be dubious and ambiguous. And no one had ever followed up to test this period either photometrically or spectroscopically. In this paper we report large numbers of new photometric measures aimed at testing Sekiguchi's claimed period.
For this, we have collected 2896 magnitudes (plus 53 from the literature) in the UBVRIJHKL bands stretching from 1897 to 2016. This now represents a nearly complete set of all photometry of V1017 Sgr.
We find that the SED is well represented by a 5200 K blackbody, which is the giant companion star dominating over the accretion disk. The 1919 event was certainly a Sclass CN, with the peak some weeks before the discovery on 11 March 1919 (as it was near solar conjunction at the time) with a likely peak magnitude of 4.5±1.0 (certainly between 6.4 and 2.0), for a total amplitude of 10.5 mag or so. The nova system showed a pre-eruption rise of 0.6 mag from 1907.5 to 1916.5, but it is problematic as to whether this is causally connected to the CN event. Three DN events were seen in 1901, 1973, and 1991 , all with effectively identical light curves. Their total durations were 0.5 years each, the amplitude was close to 3 mags, while the rise and fall was symmetric and roughly triangular in shape. V1017 Sgr is the only known CN that displays DN events before the CN event. The quiescent level after the CN event (from 1923 to 2016) shows no systematic decline, but rather displays 0.3-0.6 mag variations on the decadal time scale. We do not understand how the system can vary by so much in quiescence (with equal amplitudes in BVRI colors) when the light is dominated by a presumably constant star of fixed radius.
For the post-eruption magnitudes, we find a highly significant photometric periodicity 2.893145±0.000016 days, with a smallṖ . Given the dominance of the companion light so that the photometric modulation must be dominated by the ellipsoidal effect, and the Sekiguchi radial velocities, the true orbital period must be twice the photometric period. When folded on the orbital period, the light curve alternates between deep and shallow minima, with the unusuallylarge accretion disk eclipsing the companion star during the deeper minima. With the orbital period being twice the photometric period, we see that Sekiguchi got the correct period, even if with poor accuracy.
This orbital period is one of the longest amongst all known CVs. This requires that the companion star have a size of close to 5.3 R , and certainly having evolved off the main sequence. This implies that the current accretion is being driven by the evolutionary expansion of the companion star, and not by some angular momentum loss mechanism. This also requires that the accretion disk around the white dwarf be exceptionally large. In this case, the outer regions of the disk can be cool enough for the DN instability to occur, despite the relatively high accretion rate that is needed for the CN event. So the very long orbital period explains why V1017 Sgr is the only CV with a DN event before a CN eruption.
With the orbital period and the SED, we derive a blackbody distance to the companion star to be 1240±200 parsecs. This relatively nearby distance plus the relatively high luminosity giant companion star gives the reason why V1017 Sgr is one of the brightest ex-nova in the sky.
We have 15 useable magnitudes from before the 1919 eruption, and these give a periodicity with a good looking folded light curve, and the best fit connects with the posteruption ephemeris at the time of the CN event. The preeruption period is different from the post-eruption period at the 5.7-sigma confidence level. The period decreased by -273±61 parts-per-million. This large period decrease is impossible to understand with any combination of the three known mechanisms for period change across a CN event.
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